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Abstract. Broad Absorption Line (BAL) trough variability is predominantly due
to cloud motion transverse to our line of sight. The rate at which the variability occurs
indicates the velocity of the cloud, which can provide constraints on the cloud’s distance
from the central source. This requires detailed spectroscopy during a variability event.
Such spectra have proven elusive, suggesting either the timescale of variability is too
short to be caught, or too long to notice until a sufficient amount of time has passed.
Photometric monitoring of BAL quasar colours may potentially be used as an early
warning system to trigger time resolved spectroscopic monitoring of BAL variability.
Towards this end, we are analyzing both BAL and non-BAL colour variability using
time series photometry from Stripe 82 in the Sloan Digital Sky Survey.
1. Stripe 82 and Statistical Variability
A small section of sky observed by the Sloan Digital Sky Survey (SDSS) known as
Stripe 82 (S82) was specifically targeted for multiple photometric observations. The
stripe covers the area 22h 24m<RA< 04h 08m and |Dec| < 1.27 degrees, approximating
290 square degrees on the sky. S82 has been observed over 50 times with revisit time
ranging from 3 hours to 8 years. There are 9275 spectroscopically confirmed quasars
in the Stripe 82 SDSS Data Release 7 (MacLeod et al. 2010). We sorted these into
BAL and non-BAL quasars based on the classifications done in Gibson et al. (2009)
and Allen et al. (2011) (DR5 and DR6, respectively).
Our working hypothesis is that BAL quasars will exhibit higher variability in their
colour than non-BAL quasars as a result of the changes in absorption troughs. We use
the time-series nature of the S82 photometry to extract a signal of higher variability
among the BAL quasars. Nearly all BAL quasars exhibit absorption due to C iv 1550,
and so we build our preliminary study around this transition.
Using the possible range in blueshift of a BAL trough (-25 000 km s−1 to -3000
km s−1, as defined in Weymann et al. 1991) and the wavelength range of the SDSS
filters, we sort the quasars of S82 into redshift bins based on where the C iv trough will
occur. For example, in the redshift range 1.73 < z < 2.51, any C iv broad absorption
trough will land entirely within the SDSS g filter. We can therefore use the colour g− r
to compare the colour variability of BAL and non-BAL quasars in that redshift range.
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Figure 1. SDSSJ 213138.07-002537.8 photometry (left) and spectra (right).
2. Preliminary Results
To quantify the overall variability of a given colour, we use the χ distribution χi =
(ci − c0)/(σi), where ci is the ith colour in a series, σi is the observational uncertainty
on the colour, and c0 is the mean colour. In S82, we observe a higher number of large
positive and negative χ values in the BAL colours compared to non-BALs (significance:
10−15), as well as larger values of the reduced χ2 statistic. This indicates that, overall,
BAL quasars exhibit larger deviation from their mean colours than non-BAL quasars.
As an example of a variable BAL quasar (selected for large reduced χ2), in Fig.
1a, we have plotted the time-series colours g − r and r − i (as a comparison), along
with estimated colour measurements from spectra taken at the given MJD, of SDSSJ
213138.07-002537.8, a BAL quasar at z = 1.837±0.002. It is clear that large variations
have occured in g − r, where the C iv trough is, but not in r − i. In Fig. 1b, we have
plotted the three spectra indicated by the square symbols. There are clear changes in
the C iv trough which contributes to the colour changes observed. The continuum has
also changed by a significant amount.
The S82 photometry provides an excellent testbed to compare colour variability in
different types of quasars. We have found BAL colour to be more variable than non-
BAL colour, a feature attributed to the variable nature of absorption troughs. Such a
result hints towards a photometric monitoring program that would trigger spectroscopic
followup and coverage when a colour begins to vary. These data also provide a basis
from which to track the colours of non-BAL quasars that may turn into BALs.
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